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Remarks 

In view of the above amendments and the following remarks, the Examiner is 
respectfully requested to withdraw the rejections, and allow claims 1, 2, 6-8, 10 and 12-13, the 
currently considered claims. No new matter is added. 

An additional copy of reference AB, Brossay a/. (1998) Immunological Reviews 
163:139-150, as requested by the Examiner, is attached herewith. 

A correction to the Brief Description of the Drawings is provided herewith. 

The Office Action states that the restriction requirement has been made final. Applicants 
reserve the right set forth in 37 C.F.R. 1.114 and M.P.E.P. 818.03(c) to petition the 
Commissioner for review of the requirement, which petition may be deferred until after final 
action on or allowance of claims to the invention elected. 

The Office Action states that Applicants should amend the first line of the specification to 
update the status and relationship of the priority documents. Applicants respectfully draw the 
Examiner's attention to the Application Data Sheet (ADS), which was filed April 27, 2002, and 
which provides the priority claim to U.S. Provisional Application 60/200,285. As set forth In 37 
C.F.R. 1.76 (b)(5), Domestic priority information: "This information includes the application 
number, the filing date, the status (including patent number if available), and relationship of 
each application for which a benefit is claimed under 35 U.S.C. 119(e), 120, 121, or 365(c). 
Providing this information in the application data sheet constitutes the specific reference 
required by 35 U.S.C. 119(e) or 120, and § 1.78(a)(2) or § 1.78(a)(4). and need not otherwise be 
made part of the specification." Withdrawal of the objection is requested. 

Claims 1, 2, 4-7. 9 12 and 13 have been rejected under 35 U.S.C. 112, first paragraph. 
The Office Action states that the instant claims encompass treatment of patients with a CD1 
blocking agent of undisclosed structure and/or specificity and a second agent of undisclosed 
structure. 

Applicants respectfully submit that the presently claimed Invention meets the 
requirements of 35 U.S.C. 112, first paragraph. Without conceding to the correctness of the 
rejection, in order to further prosecution, independent Claim 1 has been amended to recite the 



6 



USSN: 09/844,544 

use of an antibody that binds to CD1. Such antibodies are clearly defined in the specification, 
and examples of the use of such antibodies are provided in the present application. 

With respect to the second therapeutic agent, Applicants have specified the use of an 
immunosuppressant, anti-inflammatory, or anti-coagulant agent. Applicants respectfully submit 
that it is commonplace to claim combination therapies with known, therapeutic agents, and it is 
not required that Applicants name specific agents that find use in such methods. As described 
in the specification, a number of specific agents are known and used in the art for the treatment 
of SLE. One of skill in the art can readily combine treatments, and such combinations require 
no more than routine experimentation. 

In view of the above amendments and remarks, withdrawal of the rejection is requested. 

Claims 1, 2, 4-8, 10 and 12 have been rejected under 35 U.S.C. 103(a) as unpatentable 
over Amano et al. in view of Kotzin et al., Zeng et al., Blumberg et al. and Hughes. Applicants 
respectfully submit that the presently claimed invention is not made obvious by the cited 
combination of references. Applicants have provided actual in vivo evidence that blocking CD1 
by administration of antibodies significantly reduced the peak levels of serum IgG and IgG anti- 
dsDNA autoantibodies, and delayed disease progression. Further, these results were obtained 
with a spontaneous disease model, in contrast to the prior art model, which required transfer of 
cells. It may be noted that human lupus occurs spontaneously. 

Although the art suggested a possible connection between lupus and GDI , there was 
substantial uncertainty that GDI had a causative role, or was merely associated with the 
disease in these systems. Without the findings provided in the present application, one of skill 
in the art could not have a reasonable certainty of success practicing the claimed methods. 

Amano et al. identify two subpopulations of splenic B cells that express high levels of a 
fi2m-dependent form of GDI: marginal zone B cells and a newly defined population of follicular 
(IgDhigh GD23+) B cells. Flow cytometric analysis demonstrated that 70 to 75% of GDI high B 
cells are marginal zone B cells. These cells expressed high levels of IgM, low levels of IgD, and 
lacked expression of GD23\ 

Amano et al. go on to suggest that T cell recognition of GDI on the surface of B cells 
might play a role in the pathogenesis of systemic lupus. The basis for this assertion is the 
finding that GD4* and GD8* T cells expressing anti-GD1 TGR transgenes obtained from a 



^ page 1715, first full paragraph. 
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V(i9A/4.4 T cell clone will indue lupus when transferred into syngeneic BALB/c nude hosts. 
Amano et al. then cite the Zeng et al. (1998) paper to support this position^. 

A major drawback of the work published by Amano et al., and Zeng et al., is the use of a 
transgenic animal model, which requires transferring disease causing T cells into an immune 
compromised recipient. In this model, transqenjc^jni mals were cr eated^which-had transgenic T 
cell receptors thaX_recognized---.CD1. Specific sorted populations of these T cells were 
transferred to recipient animals, which were then assessed for disease. In these animals, 
virtually all the T cells present in the host expressed the T'cell receptor transgene. 

However, although the transgenic T cells induced overt lupus in adoptive nude hosts, the 
transgenic donor mice did not develop lupus nor did adoptive euthymic hosts^. It was 
speculat^d,that T cells or other thymus-dependent regulatory cells might inhibiFthe development 
of disease. 

Further, Zeng et al. state: "BM cells containing SP transgenic CD4* and CD8* T cells 
induced lupus in most nude recipients, but BM cells from DN transgenic>mice containing 
transgenic CD4^, CD8*, and CD4CD8 T cells failed to induce lupus in any recipients. 
Mixing experiments showed that the latter BM cells ameliorated lupus disease 
abnormalities induced by SP transgenic BM cells. Sorted transgenic CD4CD8 T cells derived 
from the DN BM were very effective in preventing disease induced by SP BM cells, and none of 
the hosts given a combination of these cells developed proteinuria during the 100-d observation 
period."^ 

Therefore, the data presented by Zeng et al. (1998) demonstrate that animals transgenic 
for a T cell receptor that recognizes CD1 do not develop disease; and that certain populations of 
the T cells can be transferred to cause disease, while other populations of T cells suppress 
disease. From these findings, one of skill in the art could not conclude with any degree of 
certainty that CD1 would have a causajive; effect in lupus. 

. The in vivo data provided in the instant application was obtained in an animal model for 
lupus where the disease is spontaneously induced, and therefore does not suffer from the 
issues raised above for transfer of transgenic T cell subsets. 

Applicants respectfully submit that the secondary references do not remedy the 
deficiencies of the primary references. Blumberg et al. teaches the expression of CD1 on B 



^ Reference 33 of Amano et al. 
^ Zeng et al., page 533, second column. 
Zeng et al., page 533, last paragraph. 
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cells, monocytes and Langerhans cells, but fails to demonstrate the effectiveness of blocking 
CD1 to treat lupus-like disease. 

Hughes provides background for the use of antibodies as therapeutics, but falls to teach 
the usefulness of antibodies specific for CD1 in the treatment of lupus-like disease. 

Kotzin reviews the pathology of lupus, in particular the clonal expansion of anti-DNA 
antibody-producing B cells. However Kotzin fails to teach an association of CD1 with the 
disease, and does not show the effectiveness of blocking CD1 to treat lupus-like disease. 

Claim 13 has been rejected under 35 U.S.C. 103(a) as unpatentable over Amano et al. 
in view of Kotzin et aL, Zeng et al., Blumberg et al. and Hughes, further in view of the Merck 
Manual. Applicants respectfully submit that the invention of Claim 13 is not made obvious by 
the cited combination of references. As discussed above, the prior art does not provide a 
reasonable expectation that administration of CD1 would be effective in treating lupus-like 
disease. The inclusion of a second therapeutic regimen is not relied upon for patentability, but is 
merely put forth as a variation on Applicants methods. 

In'view of the above amendments and remarks, Applicants respectfully submit that the 
present claims meet the requirements of 35 U.S.C. 103. Withdrawal of the rejections is 
requested. 
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Conclusion 



Applicant submits that all of the claims are in condition for allowance, which action is requested. 
If the Examiner finds that a telephone conference would expedite the prosecution of this 
application, please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees associated 
with this communication, including any necessary fees for extensions of time, or credit any 
overpayment to Deposit Account No. 50-0815, order number STAN-190. 



BOZICEVIC, FIELD & FRANCIS LLP 
200 Middlefield Road, Suite 200 
Menio Park. CA 94025 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 



Respectfully submitted, 
BOZICEVIC, FIELD & FRANCIS LLP 
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Summary: Mouse CDI (mCDJ) is an antigen-presenting molecule that i.s 
constituiively expressed by most bone marrow-derived cells. Peptides with 
a hydrophobic binding motif can bind to mCDl. and the peptide-CDl 
complex is recognized by CD8- cytolytic T ceils, hi contrast. NKl.I' 
T cells, which are CDS . are autoreactive for mCD 1 molecules. This autore- 
activity, along with the ability of NK T cells to rapidly produce large 
amounts of cytokine, has led to the suggestion that these cells may be 
immunoreguUtory. We have shown that the mCD I -autoreactive T cells can 
distingui.sh between different cell type.^ that express similar levels of 
mCDl, suggesting that mCDl -bound iutologous ligands may be critical 
forT-cell stimulation. Consistent with this, some of these ntCD 1 -restricted 
T cells can recognize the glycolipid a-gaiactosyJceramide presented by 
mCDl , while others do not respond. The mCDl crystal struciure reveals a 
deep and narrow hydrophobic antigen-binding site w-hicb can more easily 
bind lipid antigens than the long hydrophobic peptides that we have 
defined as mCDl antigens. The ability of mCDl to bind and present two 
difTereni types of Jigands raises the question as to how mCDl can accom- 
modate both types of antigens. 



Introduction 

This review focuses on recent data implicating mouse CDI 
(mCDl) as an antigen-presenting molecule. We and others 
have recently published reviews on related topics, and we rec- 
ommend these articles to readers interested in NK T cells ( 1-4) 
and T-cell recognition of mouse and human CD I molecules 
(5-12). 

The mouse cluster of differentiation 1 (CD 1 ) gene family 
consists of two non-polymorphic genes. mCDlDI and mCD]D2, 
mapped to a cluster on chromosome 3. They are highly related 
to one another and, compared to the genes encoding the four 
human CD I proteins, they are most similar to the human CDI D 
gene in sequence. CDI glycoproteins have the typical structure 
of antigen-presenting class I molecules. They are heterodimers 
consisting of an approximately 50 kDa glycosylated heavy chain 
associated non-covalemly with the ^2 -microglobulin (p2m) 
light chain. The heavy chains are type 1 transmembrane glyco- 
proteins with an extracellular portion formed by al , a2 and a3 
domains of 90 amino acids each, a transmembrane domain and 
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i very short cytoplasmic tail (reviewed in (6)). Despite this 
overall similarity to class 1 molecules, comparisons of (lie pri- 
mary sequence demonstrate iliat CD I molecules are about as 
closely related to class II molecules as they are to class I mole- 
cules (13), and therefore they probably diverged from these 
other antigen-presenting molecules early in vertebrate evohi- 
tion around the time of the class l-dass 11 divergence. 

One of the most striking differences which clearly distin- 
guishes CDl molecules from MHC-encoded classical class I and 
class II molecules is il\e absence of a significani degree of allelic 
polymorphism of CDl proteins (14). The lack of CDl poly- 
morphism raised the hypothesis that these proteins may Jiot be 
effective antigen-presenting molecules (IS). In fact, growing 
evidence suggests that CDl molecules, as well as some other 
non-polymt>rphic class I molecules, have specialized functions 
in the presentation of antigens with limited structural variabil- 
ity (16-22). Unlike several of the MHC-encoded non-poly- 
morphic class I molecules, CDl can be found in a variety of 
mammals (23—27). As a result of their early divergence from 
class I and class 11 molecules, their presence in a number of dif- 
ferent species, and their unique antigen-presenting properties 
(see below), CDl molecules are believed to constitute a sepa- 
rate, third category of antigen-presenting molecules. 

In this review, we will focus nearly entirely upon CDl mol- 
ecules in the nK)Use, including a comparison of the behavior of 
mCDI with MHC-encoded class I and class I] molecules, a 
description of the T cells specific for mCD) , a discussion of the 
ability of niCDl to present two chemically different kinds of 
antigens, and some speculations on the evolution of CDl mol- 
ecules and the significance of CDl -mediated immune 
responses. 

Tissue distribution of mCDI 

mCDl was originally thought to be expressed mainly by intes- 
tinal epithelial cells, and therefore it was to be a candidate anti- 
gen-presenting molecule recognized by intraepithelial lym- 
phocytes (lEL) (28). Although the expression of mCDl on epi- 
thelial cells from the intestine remains a controversial issue, our 
data demonstrate that mCDi is in fact found mainly on the sur- 
face of hemopoietic lineage cells (29). Furthermore, in contrast 
to the known pattern of expression of the human CDia. CDib 
and CDlc molecules, mCDl is constitutively expressed by bone 
marrow-derived cells in the mouse, including B cells, T cells, 
Fiiacrophages and dendritic cells. We have not found any 
mCDl -negative T cells or B cells in central or peripheral lym- 
phoid tissues such as thymus, bone marrow, lymph node, 
spleen, blood stream, gut-associated lymphoid tissues and lEL. 



The level of expression of mCDl, however, can vary within a 
lineage. For example, while dendritic cells derived from hone 
marrow express a moderate amoimt of mCDI (29), dendritic 
cells freshly isolated frt)m the spleen express high levels oi 
mCDl on their surface (Fig. I). Sunilarly, heterogeneity of 
mCDI expre-ssion on mouse B cells also has been reported, 
with marginal zone B cells of the spleen and a subset of B cells 
in the peritoneal cavity having the very highest levels of mCDI 
(30). Transformed cell lines show a greater heterogeneity in 
the level oi' mCDl expression, although such heterogeneity 
may not have an in vitro correlate. For example, within the B-cell 
lineage. A20 ceils do not express detectable levels of mCDl. 
while BCLl cells express the highe.st levels we have detected on 
any cell (Fig. I) - hi addition to expression by hemopoietic lin- 
eage cells, in agreement with an earlier report (28). it was 
found that mCD I also is expressed by hepatocyies and a trans- 
formed hepatocyte cell line. Tlie relatively high level of expres- 
sion of mCDl in bone marn>w-derived cells, and mainly on 
professional antigen-presenting cells such as dendritic cells, 
macrophages and B cells, is consistent with a possibly imp<?r- 
tant antigen-presenting function for mCDl in host defense 
and/or immune regulation. Furthermore, the abundant 
expression of mCDl in thymus, bone marrow, liver and spleen 
correlates with tlie relatively high frequency of mCDl -aiuore- 
acti ve NK T cells in these sites ( 1 . 31). 

Properties of mCD1 

TAP independence and p2m dependence 

ofmCDI expression 
Classical class I molecules can only be expressed in a stable con- 
formation at the surface of the cell if the intracellular heavy 
chain has hound p2m and peptide has been loaded in the anti- 
gen-binding groove (32). The interaction of the class I heavy 
chain with these two components occurs in the endoplasinic 
reticulum (ER) of the cell prior to transport to the cell surface. 
The major supply of class I-binding peptides is transported 
from the cytoplasm to the ER by the transporter associated with 
antigen processing (TAP) molecule, an ATP-dependent peptide 
transporter located in the ER membrane. The TAP molecule is a 
heierodimer encoded by two MHC-encoded genes, TA?-) and 
TAP-2. Cells which lack one or both of the TAP gene products 
are not able to stably express class I molecules at the cell surface 
(33. 34). In contrast, TAP-deflcient cells such as mCDl-trans- 
fected Drosophilfl melanogastcr cells and RMA-S cells do express 
mCDl at the cell surface (35. 36). In addition, both the tissue 
distribution and the level of expression of mCDl are compara- 
ble in TAP- 1 -deficient mice and in wild-type mice (29, 37) 
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Fig. 1. Heterogeneity of mCD I expression by 
hemopoietic lineage cells. Flow cymmeiry 
profiles ofuntransfetted A20 (A) anti BCLl 
B cells (B) are shown. Stainings were carried 
oui with IBl'PE mAb. Beftir? each suining. 
cell-s were intubAied with anii-Fcy recepior 
mAb 2.4G2. Each panel is an overlay uf ilie 
isotype control (open histogram) and ihe 
aiui-CDI inAb (solid hisioj^rain). (C) Fri'shly 
isolated dendritic cells (97) e.\[>ress high levels 
of iitCDI. Splenic tissue was digested with 
collagenase lype III. and. foIlDwing a Percoll 
gradient, ihe iow-densit> fraction was allowed 
to adhere on plastic ft>r 90 niin at 37°C. 
Adherent cells were cultured overnight, and 
the non-adhereni cells in the (jverniglu culture 
were recovered and stained. These cells have 
the cliaracierisiic pattern of expression of high 
levels of class 11. tliey are N4 1 8-positi\ e, and 
tliey are FcyR-low, Two color flow cyiometry 
prtjfiles for dendritic cell expression ofclass II 
and iiiCDi (C) and N'+|8 and mCDl (D) are 
shown. 



(L. Brossay, unpublished data). This set of data is consisieni 
with tlie fact that all the mCDi -reactive T cells described so far, 
including the NK T cells and the peptide-specific CD8 T cells, 
have been found in TAP-deficient mice (18. 36) (N. Burdin & 
S. Tangri, unpublished data). In contrast, these mCD I -reactive 
T cells are found neither in p2m'deficient mice nor in 
CD 1 -deficient mice (38-44). 

Although the interaction of P2m and the heavy chain sta- 
bilizes CDl molecules at the cell surface (45, 46), there is a 
report of p2m-independent expression of mCDl in transfected, 
(J2m'deficient. FO-1 human melanoma cells (47) - however, 
this result is controversial (36). We could not detect any signif- 
icant level of surface expression in mCDl -transfected 
P2m-dericient cells such as RIE (35) or Daudj cells (Fig. 2). 
However, the expression of mCD I is detectable when the same 
Daudi cells are transfected with a full-length single chain ver- 
sion of the mCDl which has the [i2m covalenily linked to the 
amino terminus of the mCDl heavy chain via a glycine- and 
serine-rich peptide spacer (Fig. 2). Furthermore, the pZm 
domain of the single chain molecule does not rescue surface 
expression of endogenous class I molecules (L. Brossay, unpub- 
lished data). Finally, we could not detect significant levels of 
surface expression of mCDl on any cell type tested from 
|12m V^mice (Fig. 2). Several mCD] -reactive T-cell hybrido- 
mas, however, have been shown to be activated by cells that do 
not express I52m (48). This reactivity was poorly blocked by 
our mCDI mAbs, suggesting that, as for classical class I mole- 
cules, any |32m-independeni form of mCDl on the cell surface 



is in a different conformation than the molecules found on 
wild-type. P2m* cells. By contrast to the results from p2m-deri- 
cient mice, studies with MHC class ll-deficient mice have dem- 
onstrated that the CD J -restricted T cells, including the NK 
T cells, were present in normal numbers in these mice (48. 

49) . 

mCDI binds to CDS molecules 
We used a T-cell activation-based assay to show that mCDl 
molecules can bind to mouse CDS molecules (35), despite only 
a moderate degree of conservation of the major CD8-binding 
site found in the a3 domain of classical class I molecules. Given 
the resuhs from the binding/activation assay, it was therefore 
not surprising to find CD8-positive, mCDl -restricted T-cell 
hues (see below). NK T cells, however, which are presumed to 
be mostly mCDl -autoreactive, are only rarely if ever CDS'. 
These NK T cells also are absent in transgenic mice with forced 
expression of CDS in all T-cell subpopulations, suggesting that 
expression of NK T-cell antigen receptors (TCRs) along with 
CDS gives an overall avidity that leads to negative selection (39, 

50) . 

In summary, although mCD) is quite divergent in primary 
sequence from classical class I molecules, ii shares at least two 
properties with class I molecules; a requirement for [i2m for 
significant levels of surface expression in the native conforma- 
tion and the ability to interact with CDS molecules. In contrast, 
mCDl is distinct from classical class I mtilecules in its lack of a 
requirement for TAP-derived peptides. These properties proba- 
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Fig. 2. Surf&ce expression of mCDl is 
mainly |52m- dependent. Flow c> lonieiry 
proliles of (A) niCD I . I -transfec:ied Daudi 
cells and (B) fuil-length, sjjigJe chain P2 in 
niCDl-transfftied Daudi cells are shown, 
The technique lo obtain chimeric singit 
chain mCDl molecules lias been 
described for class I molecules by Lee el al. 
(98). Stainings were carried out wiih 
IBI-PE mAb as described above. Each 
panel is an overlay of the isoiype coiiirol 
(tjpeii hisiograin) and ilie ami-CD I inAh 
(solid liistogram), Splenocytes pooled 
from two iiiCDl / mice (C). two p2tn / 
(D) and iwo CS7BL/6 mice (E) were 
incubated wiih 2.+G2 niAb and ihen 
stained with biotinylated anti-B22 0 and 
!BI-PE niAb or isotype control. foUowt-d 
by sirepuvidin- tricolor, 



CD1 



bly are conserved among CD I molecules, as human CD la. b 
and c molecules also have been foimd to be TAP-independent 
(8. 51, 52) while they require P2m for surface expression (45). 

mCD1 IS directed to endosomes by an intrac/toplasmic 

tyrosine'Containing nnotif 
Tlve endosomal localizaiion of CDl is another feature which 
di.siinguishe.s these antigen-preseniinj^ molecules from Llas.<; J 
proteins. Human CDIb molecules are found in a variety of 
endosomal structures, predominantly various types of late 
endosomes (53. 54). To define more precisely the intracellular 
distribution of mCDl, we used confocal microscopy to co- 
localiK mCD I with markers for endosomal compartments. We 
have recently demonstrated [hat mCDl is present in endo- 
somes, with extensive co-localization with late endosomal 
markers such as the mouse H-2M molecule (DM homolog). 
These data suggest that mCDI is found in compartments spe- 
cialized for class II peptide loading such as the lysosome-like 
MHC class II compartment (MIIC) and the class Il-containing 
vesicles (CIIV) present in B cells and dendritic cells (55). This 
fmding is confirmed here in a confocal scanning micrograph 
showing the extensive intracellular co-localizatioti of mCDl 
v\'ith class II molecules in A20 B-lymphoma transfectants 
(Fig. 3). Because the majority of the intracellular class 11 mole- 
cules in this eel] line are found in the CIIV (56. 57), we specu- 
late that this compartment also Jiiay serve as a specialized site 
for the loading of antigenic ligands onto mCDl molecules, hi 
an mCDi -transfected inacrophage cell line (J7 74), we also 
show that mCDl co-localizes with the late endosomal-lyso.so- 



mal marker Lampl in internal vesicles (Fig. 3). Taken together, 
these sets of data demonstrate that mCD 1 is found both in the 
CIIV and in lysosomes. as described for human CD lb. 

We also determined if the localization of mCDi in endoso- 
mal compartments is dependent upon its intracytoplasmic 
sequence. The intracytoplasmic domain of mCDl has a 
tyrosine-containing motif, YQDI, which has been shown to be 
important for the trafficking of a variety of surface proteins into 
endosomes (58-63). In order to disrupt the endosomal local- 
ization of mCDI , wT constructed several mutants in the mCDI 
cytoplasmic tail. One has the COOH-terminal five amino acid 
sequence from the intracytoplasmic tail of mCDl deleted 
(mCD ITD) , and four others have single alanine substitutions of 
each of the amino acids from this putative endosomal locahza- 
tion motif Neither the five amino acid deletion nor the single 
substitutions with alanine affected the ability of mCDl to be 
expressed on the surface of transfected cells (5 5) (L. Brossay. 
unpublished data). Using confocal microscopy, we were able to 
show that permeabilized A 20 cells expressing either tiie 
mCDlTD or the mCDl Y-»A mutants revealed homogenous 
staining arotmd the rim of the cell that is characteristic of cell- 
surface staining (55). [n the same study, we have also shown 
that the tail-deleted form of mCDl does not co-localize with 
H-2M molecules, indicating a redistribution of mCDl from 
endosomes to the cell surface. These data are consistent with 
those found for the human CDl b protein, which does nt>t traf- 
fic to endosomes when the cytoplasmic tyri:»sine-containing 
sequence motif is deleted (53). and. furthermore, they also 
demonstrate that the tyrosine is critical for this process. 
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Fig. i. mCDt is foimd in lysosomes 
and Ute endosomes. After overnight 
adherence. mCDi molecules were 
immunonuorescentl) localized in 
foimaidehyde-fixed cells that were 
permeabilized with 0.l°'a saponin in 
PBS for iS mill. mCDl-iransfected A20 
cells (A. B and C) and mCDl -iranstVcted 
J 7 74 (D, E and f) were labeled w ith 
biotinyUied tBI mAb. followed by 
either streptavidin coupled to FITC (ir 
streptavidin coupled lo Texas-red. (A. B 
and C) inCDI molecules (A, greeni and 
class ]I molecules (B. red) were partially 
co-localized (C). {D. E and F) mCD I 
molecules (D. red) and Lanip2 molecules 
(E. green) were co-Iocahzed (F). 



mCDI -restricted T cells 

mCD1 can present peptides 
The ability of mCDl to bind peptides with a hydrophobic 
sequence motif, and to present these peptides to T cells, has 
been clearly demonstrated by us and by others (18, 22). Using 
a codon- based random peptide library display, we were able to 
show that mCDl could bind synthetic peptides with a hydro- 
•phobic motif that includes an aromatic residue at position 1 
and 7, and an ahphatic residue at position 4. The potential 
immunologic relevance of these findings was established by 
raising peptide-specific mCDl -restricted T cells. The peptide 
recognized. p99, contains the motif, which was shown to be 
required both for mCDI binding and for T-cell stimulation 
{Tabk I). The peptide-reactive and mCDl -restricted T cells are 
TCR ap^ and CD8ap^. they are cytolytic and secrete IFN-y, and 
ihey can be found in spleen and lymph nodes (18). Surpris- 
ingly, this sequence motif also is found in the hydrophobic 
N-terminal signal sequences of both mCDl and hCDld (1) 
(Table 1), where, hypothetically, it could be involved in the 
intracellular loading and subsequent trafficking of these CDl 
molecules. Although tryptophan is a relatively rare amino acid, 
the mCD I -binding sequence motif also is found in a few other 
proteins from diverse organisms including eukaryotcs. bacteria 
and especially viruses. A partial list of these proteins is pre- 
sented in Table I . Interestingly, the envelope glycoprotein 
(gpl60) of the human immunodeficiency virus type 1 
(HIV- 1) contains this hydrophobic mCDl -binding motif 
(Tdblf i). Although peptide-specific. hCD Id-restricted, human 
T-cell hnes have not been described, the development of pep- 



tide- and CD] -based vaccines is an attractive pos.sible strategy 
on account of the lack of polymorphism of CD I and its expres- 
sion by hemopoietic cells. The potential of this strategy has 
been recently illustrated by the work of Lee et al. (22), who 
demonstrated that an mCDl -mediated CTL response could be 
elicited after immunization with a combination of naked plas- 
mids DNA-encoding chicken ovalbumin, mCD 1 and a co-stim- 
ulatory molecule. Chicken ovalbumin contains the mCDl- 
binding motif {Tabk 1) and the response to ovalbumin could be 
blocked by incubation with p99 (22), confirming the validity 
of our previous data (18). 

Our recent data show that replacement of the endosomat 
localization signal of mCD 1 causes this molecule to reach the 
cell surface without passing through endosomes. and that this 
mutation abolishes the ability to present ovalbumin peptide 
when antigen is given as whole ovalbumin protein externally 
to the antigen-presenting cells (S. Tangri, unpubUshed data). 
By contrast to the results with whole protein, the presentation 
of added ovalbumin 1 8-mer peptide is not affected by the 
mCDl mutant. These results, and data obtained from antigen- 
presenting cells that have been fixed or treated w iih inhibitors, 
demonstrate that ovalbumin requires processing in order to 
generate the peptide epitope required by ovalbutnin-specific 
T cells. Based upon these studies, we conclude that mCDl traf- 
fics to endosomal compartments where it binds peptides 
derived from processed proteins. 

Despite this clear evidence for both a physical interaction 
between mCDl and peptide, and the presentation of different 
peptides by mCDl. no one has yet succeeded in identifying 
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pepiidts hound U> iinmunopurified mCDI molecules. Further- 
more, it is nf)t known how rlie relatively long {> 1 S amino 
acid) peptides that are presented by mCDI bind to it. inCDI has 
a hydrophobic groove that is both deeper and narrower than 
ilie antigen-binding grooves of class I and class II molecules. 
The groove is not open-ended, as is the class 11 antigen-binding 
gr<«n'e, raising the issue as to how the long peptides might fit 
into tlie molecule (63a). Finally, electron dense material found 
in (he groove in the insect-derived material is Jiot likely to be a 
peptide {I. Wilson, personal communication). Collectively, 
these data suggest tliat peptides may bitid to mCDI outside the 
groove, or in an unconventional way compared to the stable 
peptide/MHC complexes tliat class I and cla.ss II molecules 
form. 

hleterogeneity of mCDI -autoreactive T cells 
Numerous inCDl -reactive T cells and hybridomas have been 
described, and most of them apparently are autoreactive for 
mCDI stimulators In vitro (48, 55, 64—66). Tlie physiologic sig- 
nificance of these autoreactive T cells, some of which express 
relatively invariant TCRs. is a subject of intense study. 

VVe have recently shown a striking degree of heterogeneity 
in the abihiy of mCDl -auKneactive T-cell hybridomas lo 
respond to different niCDl"^ cells (5 5). We have proposed that 
this lieterogeneity reflects the requirement for lliese cells to 
read with an auiologtms ligand presented by niCDl, and that 
there is a diverse set of such ligands. which could be either 
peptides or glycohpid.s. The mCD I -autoreactive T-cell hybri- 
domas are derived from two sources. Some are from ihy- 
uiocytes selected for their expression of NK 1 . ] and other mark- 
ers prior to cell fu.sion; as such, they are representative of NK 
T cells. NK T cells are a specialized subset of lymphocytes, rep- 
resenting 4% of splenocyte.s. 1 0 to 20% of mature thymocytes, 
and up to 30-50% of liver- and bone marnjw-derived T cells 
( I). In addition to their intermediate level of TCR expression 
and their activated/memory-like phenotype, NK T cells are dis- 
tinguished by their expression of receptors of tlie NK lineage, 
particularly NKI.l (CD161) (I, 67). The majority of NK 
T cells use either the VfiS. Vp7 or V|32 chain paired with an 
invariant VaI4Ja28l rearrangement, thereby considerably 
restricting the diversity of their TCR repertoire (50). A lutmol- 
ogous T-cell subset is found in humans. These T cells express a 
TCR containing Val4JaQ and VpM TCR , the bomoUjgs of 
mouse V«I4 and V|i8, respectively (68. 69). Recently, it has 
been .shown that some of these V[il 1/Va24 T cells react with 
human CD Id, the closest human homolog of mCDl (70). The 
second set of tnCDl -aut<ireactive hybridomas that vve have ana- 
. lyzed are derived from the residual CD4* population in class 11- 



Tablt I . Examples of some proteins 
with the mCD 1 -binding motif 

Protpin Oi-ganisni Sequence ■■ motif in bold 

GIvcopi-otetn K Human herpes vrfus 2 HPL.FLTITTWCFV 

Envelope protein Feline immunodeficiency vifus G^SV.'FRMSSWKO 

Envelope piotein gp 1 60 HIV- 1 K Y : .WNLLQYW.^Oi': 

Pilin gene -inverting pi-otein Morc!Ke/(ci locuniKt; CAYWEKLAHWA i S 

OvalbLmir CNcken I ih'FEKLTEW'l'.^r-; 

mCOl . 1 M\is im:sctjtus M . : .WATLQVW: ;C.^ 

P99 .KHDFHHIREWGNf) 



deficient (nice (48). It is not certain if the cells that gave rise lo 
these mCD 1 -autoreactive hybridomas were NK T cells (i.e. 
NKl ■). hut, interestingly, none of them were V«I4'. 

By testing a panel often mCD J -autoreactive hybridomas, 
we found tliat each of the hybridomas has its own reactivity 
pattern against a series of mCD I -transfected thymocytes, fibro- 
blasts, macropliages and B-cell lines, and suspensions of bone 
marrow-derived cells analyzed fX vivo (55) (L. Brossay. unpub- 
lished data). Some of the data fn^m this analysis are summa- 
rized in Tuhle 2. A few of the T-cell hybridomas react preferen- 
tially either to thymocytes or lo splenocyies. despite a similar 
level of expression [>f mCDI in these two cell types, whereas 
otlier hybrid<i]iias do not respond differentially tf) cells from 
these two organs (Tiibif 2) (55). In addition, low numbers 
(3 X 10^) of dendritic cells isolated from the spleen vvere able 
to induce a high level of IL-2 release from two hybridonias 
(ZC12. 1A12), whereas high numbers of unal splenocyies 
were relatively ineffective or wt-ak stimulators (Tuhle 2). Consid- 
ering the number of antigen-presenting cells, dendritic cells 
were also better stimulators than splenocytes or thym<3cyies for 
hybridomas 24 and DN3A4-1-4. By contrast, hybridomas 
DNJA4-1-2 and 3C3 reacted poorly U) dendritic cells. The 
response to transfected cells also does not correlate with the 
mCDI expression level. For example. DN3A4']-2 reacts much 
more .strongly lo unlransfected BCLl cells than to CD 1 , 1 -trans- 
fected A20 cells, while hybridoma 24 shows the opposite pat- 
tern, despite very high levels of mCDI expression by both of 
these B cehs. 

To further analyze the requirements of these mCDl- 
autoreactive T cells, we asked whether the endosomal localiza- 
tion of mCDl is required for their siimulauon. We have 
recently demonstrated that the disruption of the mCDl eJido- 
sojiial localization signal affected partially the reactivity of only 
one out of five mCD I -autoreactive T cells (55). Analy.sis of the 
reactivity of additional liybridomas shows that, out of ten 
hybridomas. only two are significantly affected by liie disrup- 
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Tflble 2. Heterogenous response of different mCD 1 -lutoreactive T-ce 
hybridomas to different mCDl -expressing cells 
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ikm of the mCDl endosnmal localization signal (55) 
fL. Brossay, unpublished data), hiterestingly, these two hybri- 
domas were derived from NK T cells in the thymus, and ihey 
expressed a Vp8/Va 1 4 TCR. although tliis requireinent was not 
-found for all of the V«I4^ T cells. Based upon these data, we 
hypothesize thai some of tlie autologous ligands bound to 
mCD ] molecules required for the stimulation of the autoreac- 
tive T cells are derived from endosomes, and that some are 
derived from other locations. Furthermore, we conclude that, 
even among the cells with an invariant a chain in iheir TCR. 
there is some degree of heterogeneity in terms of mCDl 
auioreactivity wliich could he based upon the use of different 
V(J gene segments or the diversity in the V-j junctional 
sequences of the p chain. 

mCDI can present gl/colipids 
Although CDl -re.stricted human T cells specific for glycolipid 
antigens have been de.scribed by a number of investigators ( 1 7, 
19, 21), mouse T cells reactive witli glycolipids have been only 
recentlj' characterized by us and others {20, 71). Indeed, 
amo]ig several compcninds tested, including lipoglytan anti- 
gens such as lipoarabinomannan and phosphatidylinositol 
mannoside, w'hich have been shown to either bind to or be pre- 
sented by hCD lb (72), only the synthetic glycolipid a-galacto- 
sylceramide (a-GalCer) was able to activate mouse splenic 
T cells in vitro (71) (N. Burdin, unpublished data). Further- 
more, using Ja28 1 -deficient mice that cannot make the invari- 
ant Vp8/Val4ja28] TCR. or TCR-transgenic mice in which 
this is the only antigen receptor, Kavvano et al. showed that it is 
the Val4 T cells which respond to re-GalCer (20). Using both 
mCDl transfectants and mCD 1 -deficient mice, we extended 
these findings by demonstrating that mCDi is required for such 
a-GalCer-specific immune responses (7 1), We tested the panel 
of mCD) -autoreactive T-cell hybridomas described above for 
their ability to respond to a-Ga!Cer. This was done using 
mCD 1 ' APC, which did not give a high background of sponta- 



neous autoreactivity in the absence of added ligand (see 
Table 2). The results of this analysis showed that botli the T-cell- 
mediated immune response and the cytokine production 
induced by a-GalCer are associated specifically with the 
Val4ja28I rearrangement. The differential ability of mCDI- 
auioreactive hybridomas to respond to a-GalCer are further 
evidence for the heterogeneity of these T cells, and it is consis- 
tent with the autologtjus ligand requirement for these ceils that 
we have hypothesized. The data suggest therefore that the 
diverse set of autologous ligands for the mCDl -autoreactive 
T cells could be lipids. Although the a-GalCer has (jnly been 
found at low levels in mammalian cells, it is not certain if this 
compound is acting as a mimic for an autologous ligand that, 
when bound to mCDl , can stimulate NK T cells. 

it has been proposed that the early e.\pression of lL-4 by 
NK T cells could .stimulate Th2-type immune responses 
(73-76). although this is not a requirement for Th 2 -mediated 
immune responses (77. 78). Furthennore, it is clear from our 
studies and from others that NK T cells can, under some cir- 
cumstances, secrete large amount.s of IFN-yin addition to IL-4 
(79-8 1 ). Functions for NK T cells in the regulation of autoim- 
mune disease and the surveiJlance for tumors have also been 
proposed (82—88). With regard to aiuoimmiine disease pro- 
gression, the strongest evidence favtirs a connection between 
NK T cells and diabetes. The NOD mouse shows decreased 
numbers of NK T cells (84), and the abilit) of NK T cells in 
humans to secrete Tht cytokines correlates with disease pro- 
gression in humans (88). NK T cells were also found to he an 
essential target of IL-12, which induces their activation and 
enhanced cytotoxic activity (89-92). In addition, Val4" NK 
T cells have been recently shown to be required in IL- 1 2 -medi- 
ated rejection of tumors (87). directly implicating the activa- 
tion of these cells, and perhaps their cytotoxic activity, in the 
prevention of tumor metastases. 
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Fig. 4. Three models for peptide and 
lipid antigen binding to mCD I 
molecules. Led; lipid timiaininj^ antigt'ns 
bind in tlit' groove and peptides nuisidt' 
i^rtlK- gnxwe. Cenitr; peptide and lipid 
antigens compele for binding in llu- 
tnCDI gr<K)ve. Right: lipid aiitigL-n in thf 
mCDl groove forms pan i^filie pcpiide 
aiui^L'ii-bindiiijj situ. 
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How does mCDI bind to peptide and lipid antigens? 

Several models may be considered to explain the interaction of 
CDl with both glycolipids and peptides. Three models are out- 
lined in Fig. 4, including one in which lipid antigen binds in the 
groove of CDl and peptide outside of it, one in which both 
lipid and peptide antigens bind to the groove, and the possibil- 
ity that a lipid forms part of the binding site for the peptides 
with a hydrophobic binding mf)tir We have not depicted a 
fourth logical possibihiy, namely that lipid binds outside of the 
groove and peptide inside in the groove. This goes against our 
expectation that the very hydrophobic acyl chains of lipid-con- 
taining antigens will be located in the two large pockets of the 
hydrophobic mCDJ groove, and the data suggesting that the 
electron dense material in the binding groove of soluble CDl 
molecules obtained from insect cells appears to be lipid in 
nature (B. Segeike & I. Wilson, personal communication). 
Although the peptide has a hydrophobic binding motif, we also 
consider it unlikely that peptide and lipid compete for binding 
to the groove. The results from in vKro inhibitif)n studies show 
that the pepiide-specific T cells are poorly inhibited by anii- 
mCDt mAbs (18, 22) (S. Tangri, unpublished data), whereas 
the stimulation of T cells by a-GalCer is completely inhibited 
by the same mAbs (20, 71). This suggests that the peptide 
hgand, hut not the lipid-containing iigand. may be interfering 
with the binding of the mCDl mAb to mCDI , although other 
interpretations of this data are possible. Second, preliminary 
data suggest that excess peptide does not compete for presenta- 
tion of a-GalCer to Va)4* T-cell hybridomas, and. similarly, 
that excess a-GalCer does not compete for presentation of oval- 
bumin-derived peptides to conventional CDS-" T cells (S. Tangri 
& N. Burdin, unpublished data). The most viable model is 
therefore the one depicted on the left in Fig. 4. in which the 
peptide hinds to a site outside the groove. If this occurs, this .site 



must be in part hydropliobic in nature in order to interact with 
bulky aromatic and aliphatic amino acids. Alternatively, the 
model depicted on the right in Fig. 4 could be correct, in which 
lipid deep in the mCDI antigen-binding gnxive provides part 
of the peptide-binding site. If lipid were required for CDl fold- 
ing, transport and eventual peptide binding, this s\iggests that 
somewhat more of the bound antigenic peptide im CDl could 
be exposed above the surface of tlie antigen-presenting mole- 
cule, when compared to peptides bcmnd to class I or to class il 
molecules. 

Evolution of CDl molecules 

The presence of CDl molecules throughout the mammalian 
class, and the lack of polymorphism of the.se antigen -present- 
ing molecules, suggests that CDl may carry out an important 
function and that this is distinct from the functions of MHC 
class I and class II molecules. If presentation of lipoglycan anti- 
gens were a unique attribute of CDl molecules, this could 
explain the maintenance of CD] during mammalian evolution. 
In earlier reviews (7, 1 0). we alsfj proposed that ihe presenta- 
tion of peptides would more likely lead to polymtjrphi.sm than 
the presentation of lipoglycans. This would be so because short 
peptides could readily accommodate mutations tliat wcniJd 
inhibit presentation, without necessarily inhibiting the func- 
tion of the intact protein. The diversity and potential for rapid 
change in dominant peptide determinants could therefore 
drive the generation of MHC class I and class II polymorphism. 
By cf>ntrast, glycolipids are the end result <)f a complex biosyn- 
thetic process, and therefore they are not as capable of changing 
rapidly during evolution. Furthermore, because CDl molecules 
have a broad .specificity for the presentation and binding of dif- 
ferent kinds of lipids with two acyl chains, or a single branched 
acyl chain, including mycolic acids, phosphatidylinositcjls and 
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ceramides {17, 19. 21, 72). it would be difficult for microor- 
ganisms to create mutations that wouJd completely abolish 
these types of structures. 

If CD} molecules were selected primarily for their ability 
to present non-peptide antigens, what is the importance of the 
presentation of peptides? Do the peptides with a hydrophobic 
binding motif only represent a mimic of lipids? The recent data 
from the ovalbumin system clearly indicate that CD! can 
present peptides from processed proteins that are acquired in 
an endosoma] companineni. arguing that this peptide presen- 
tation process must have some physiologic relevance, even if 
CDl molecules are selected in evolution primarily for their 
binding to lipid containing antigens. Interestingly, the CDl 
pcptide-binding motif is most frequent in viruses, particularly 
those with RNA containing genomes. Among pathogenic 
microorganisms, viruses are unique in that they lack glycolip- 
jds, or their envelope contains only host-derived lipids and car- 
bohydrates. Because CDl -mediated immune responses may in 
general be highly protective, it is possible that CDl molecules 
*are selected dually during evolution both for their ability to 
present lipoglycans from bacteria and perhaps also from proto- 
zoan parasites, and also for their ability to present peptides, 
particularly from viruses. 

What is the selective advantage of CDl -mediated T-cell 
responses? 

The main driving force behind the evolution of the vertebrate 
immune system is host defense against pathogenic microorgan- 
isms. The strongest data indicating a possible role for CDI- 
mediated responses in host defense come from studies of 
human CD lb- and CDl c-restrictedT cells (17, 19. 21 . 93. 94). 
CDlb- and CD I c- restricted T cells can recognize lipoglycan 
antigens from pathogenic microorganisms, such as Mycobacte- 
rium tuberculosis and Mycobacterium leproe. and. in at least one case, 
such T cells have been retrieved from the lesions of a leprosy 
patient (19). Once activated, lipoglycan antigen plus CD I fa- 
reactive T cells can secrete ThI-type cytokines (19). Further- 
more, the cytolytic activity of CD 1 b-restricted T cells has been 
recently shown to be lethal for the bacteria as well as the target 
cell (95). Ahhough correlative in nature, taken together these 
data strongly suggest a role for CD] -reactive T cells in the pro- 
tective cell-mediated immunity against bacteria in humans. 

There is a wealth of data, however, suggesting that many 
CDl -reactive T cells do not recognize microbial antigens, 
implying that these cells may not participate directly in the rec- 



ognition and elimination of microbes. A significant fraction of 
the CDl -reactive T cells isolated from mice and humans are in 
fact CDl -autoreactive. Most notably this CDl autoreactivity 
holds true for the mouse NK T-cell population. Although it is 
not known if NK T cells are truly mCD 1 -autoreactive in vivo, 
they do have a cell-surface phenotype characteristic of memory 
or activated T cells, including high levels of CD44 and CD69 
and low^ levels of CD62L (1). The results from several studies 
suggest that the interaction of NK T cells with CDl may be the 
most important function for these molecules. First, as noted 
above, NK T cells are abundant in mice, particularly in iiver, 
bone marrow and spleen. Second, this system seems to be 
highly conserved. Mice do not have homologs of human CD 1 a. 
CDlb or CDl c, and the comparative studies carried out so far, 
albeit in relatively few^ species, suggest that molecules related to 
mCDl and its human CD Id homolog are the most widely dis- 
tributed in mammals. In addition, the system of invariant TCR 
recognition of CDl molecules is highly conserved between 
mice and humans (68-70. 96). 

While the significance of this widespread autorecognition 
of CD] molecules is not certain, the results from a number of 
studies suggest that NK T cells play an important immunoreg- 
ulatory role. As postulated originally by others, through the 
secretion of large amounts of cytokines. NK T ceils may help to 
direct polarization of immune responses in either the Thl or 
iheTh2 direction (73-76. 79-81). Therefore. NK T cells could 
play an important role in the clearance of pathogens, as well as 
in the regulation of antiself and antitumor responses. Because 
mCDJ molecules are constitiitively present, autorecognition of 
mCD 1 by NK T cells is likely to require an mCD I - bound ligand 
that is induced only under some circumstances. We further 
speculate that this autologous ligand is likely to be a lipoglycan. 
perhaps with a good degree of similarity to a-GalCer. The con- 
ditions governing the presentation of this autologous ligand by 
CDl molecules remain to be determined, but we speculate that 
stress, apoptosis or necrosis are candidate conditions for the 
induction of ligand/CDl complexes capable of activating NK 
T cells. Of course, there are no data which rule out the alterna- 
tive hypothesis, namely that the NK T cells are reactive to some 
common microbial products, and that the autoreactivity 
observed is only of lesser significance. Characterization of the 
natural ligand (s) recognized by NK T cells is likel)' to shed light 
on this question, and it could have significant impacts on our 
understanding of the evolution of antigen-presenting function 
and the regulation of immune responses. 



[mmunologicfll Rnims 1 63/ 1 998 



147 



•Sroij Ji ct l^ • Afuiijcn-ptcscrt-'n^ function of r'Xiusc^Dl 



27049301 



References 

I Ht'juitUc A. Kivcra MV Park SH. Koark JH. 

M(.ijsf TDi -s[H-<.itR- NK I T «'ll.s: 

(Ifwlopiiu'iii. sjH\itUi[y. and f'umtion. 

Aium Kt'v iMiimiiio) t997:lS:S3S- 5()2. 
>. Bi.x M. LoLkblf) KM. Naiitral T txHs. (Vlls tlui 

ic>-t x[iriss NKRP-I and TCR. 

1 ImimiJinl I99<i:] 55: 1020- 1022. 
i. ViL-ari Af: ZJnUuk A. Mnusi- NK 1 . 1 { ' ) T tulK 

- J iK'w latnily of'T tdls. 

JinimnKjl Todjy 1 <*96;17:7 1 -?6. 

4. Bi-iujL'!at A. .Moiis^- NK T T tx-llv 
OirrOpill finmiillol I 99S;7;i67'374. 

5. MahiT JK. KruHL-iihtT^ M. TIk' rnk «>f t"Di 
riioliL lilt's in imtiuim- rrspoiiM-s m infi-ttioii. 
CiirrOpin hiiniiinol I997;9:4S6-46I. 

b. P« nuvUi SA. TIk' CD I fimily: a third liiii-a^v of 

ami^jLii prt 'iiriiiiiig niokiulL^. 

Ariv Imimiiii.l I99S;59: J 98. 
7. riRTfJiitn- H. i-i jl. Ainigfti prcM'miJi^ 

fiiiRiiriii of" tile TI. amjjji-n Jiifi iiimisi- CD I 

^l<)I(•^.■lllt■^. 

iiiiniunnl Ri-v l99S;147:iI-S2. 
8 Piircdii SA. Modlin Kl.. (1)1 and ilir 

Lxpaiidiiij; iiiiivirrsL- ol T ci-l] amijJLiis. 

] Iniiniinul I99S: I 55:3709-37 1 0. 
9. Jiiilini n. Slcn^tT S. EniM WA. Modtili Rl., 

CiJI prt-sLiitation (»i MiiLfuiiial lunipfpiidc 

an[ijji-iis m Tn-IIs. 

J Clin IJUfsi 1997;99:2071-2074, 
1 0. Taiij^ri S. el al. .Antij;cii prociuiiig fumiioti of 

lilt- inrniw CD I inoliciik-. 

Ajmi N Y Acad.Su 1996:778:288-296. 
! I . P. >rcil]i SA. Muriia (T. Mndlin RL T -cill 

R'ui^iiiiujii ol noii-jifptidf aiiii^cJi'i. 

CitrrOpm Iniiiuiiit)! I99t>:8: S lO -S I b. 
I 2. Mcody DB. Siixita M , Pt U rs PJ. Briiiut MB. 

P. .ru lli SA. Thv. CD) -rcMritud Tull 

ri'sponNL- It) myLijbatK'ria. 

Rf-; ]ininilll(j] 1996;)47:SS0-S59, 
1 3. Hitglu-s Al.. nvohiiionary urij^in and 

dhLTsilkatitjji nf'ilur tiijiiinialian CDl 

ajni^t'ii gfiu's. 

M..I liint tvnl 199|;8:l8S-20i, 
14. Ainiol M. Dastoi H. t'alibi M, Di'gos I, 

BtTiurd A. B<nioiM. ll 1„ ImcrnioWcular 

i.(iniplL-xr> bi'iwi cn ilirct.- Inimaii CD I 

riidk'Liilfs III) normal iliyniiis tdls. 

immllnnJ^l-m■UL^ 1*J8S;27: 1 87- 19S. 
1 S. Klfiii A, al Bull inali^iianLy afu-r luw 

^radu T nil lyniphmna. 

CaiiUT I994;74; 164-1 67. 

16. Portvlli S. Mnriia CT. Brvnnt.T MB. CDl b 
n'sukis ilic ri'spnnsi' ul Immaii CD4 K T 
lymphiivylvs to a inkrobial amijjvn. 
MiUirv i992;560:S93-S97. 

17. Ri'i.kiiian tM. P*>Kvlli SA, Moriu CT, 
IV'liar SM. l urlniix ST. Brviincr MB. 
Bii-n>gniti(»n ol a lipid aniijjrn by 
CDI-K'MrtLU'd ti(J' T trl)\. 

NaiUR- 1994;J71:69l-694, 



)K. CaMano AR. ti ai. Pi-jHidv iiin<iinj^ and 
prt'M'inatinn by inoii^v CDl . 
Stitiuf i99S:269:2 2J-2 26. 

1 9, Sii-liii^^ PA. t'l Jl, CD! -ri'MriLd'd T 

rrcii^riilinn <if"jni(. rnhjal li|n i^lycaii aniixfH^- 
i^ivnLi' iy9S:269:227 -2 3«, 

20, Kawano T. <.-t al. CD Id-a-NiritH-d and 
TCR-nu'didiLd a«.;ivani)n of V(/t4 NKTccIK 
by }j|yti>sykvraitiitk'>. 

ScitiKc I997;278: 1 62^i-l629 

21. MiKxiy DB, I'l al. .SiruLiiirjl ri'()iiin'iiU'iii'> fur 
ijtycolipid aiiii^i-n a-L<ij;niiinn Uy 
CDIb-R'striUt.-d Tu'tls. 

Scifiitf t997;278;2R3 286. 

2 2. I,w DI, .AU'yratni' A, (,'ars(iii DA. Corr M. 

IiulncUon of an antijjfn spriifk 

Cl^l -riMricti'd LytoC(i\U T lyinj>hoLyii' 

rrspDiiM- in vivo. 

J Hxp Mfd I 99H; 187:433-438 

2 3. Balk SP Bk'icluT PA. TrrhorM [soiauon and 

i'xjirr.ision of\l')NA fniodinjt ilu- (iiuriiu- 

lirjmniojjiifs oi'CDl . 

I Iniimntnl 199I;)46:76H -774. 

24. Itliiiniya S, KikiK lii K, MatMiiira .'\. .StrnLiural 
analy.>;i,s of ilk* rai Iinmoln^in- of CDl, 
l:vidfn<.(- for fvohilinnary uniM riaiion o["iIil- 
("DID (.lass and widisprt-ad iraiist riplinii by 
rai tflK, 

J lmmuni>I 1994;153:l 112-1 123. 

25. t:alahi K Belt KT Yti (^Y. Bradlniry A. 
Matuly \VJ. Milsifin C. Thi' rabbii CDl jn<i 
[Ik- i-vohilitJiiary mnsrrvaiion of ilir <"DI 
j^fjii* laniily, 

lmmiinoj;^.ni'tR>. 1^89;J0;370- 377. 
2f). (rrijusoii hD. Diitia KM. I it-iii VVR. Hnpkms J. 

Thf ^lR■l■p CD 1 )^fiR- family vi miain*. at k-asi 

four Ct^lB hoini iloj^ut's. 

Ininnino^i iu'Crs 1 996;44:86-96. 
27. t.'aldtVi 1-. Milsu'in C. A jiovr) faniil>- (il'tumian 

major hi?.loi,innpaiihiliiy coniplt x-rfkm-d 

),it'tic\ not iiiappiiij,! U) t liroiiioMmii- 6. 

Mjlii.-i- 19S6;323:S40-S43. 
2a. Bk'iLlur KA. Kalk SR Hagi ii S), BhnnlKT^ RS, 

V\o\iv Tj, T(.TliorM C. I'sprrssion onnurint- 

CDl on gastroitiu-Minal tpiilitliiim. 

Sck-na- 1990;2S0:679-682. 

29. Brnssay 1.. oi al. Mouse C'DI is mainly 
«.'xpri-,ssc(i on lu-niopoioiii dorivt-d ivll^, 
) tmmim.il 1997; 1 S9: 1 1 1 6- 1 114. 

30. Amano M. l-i al CDl i-xprvssion doliiu> 
Mitisi'ts ol foilii utar and niar^ijiial /oik* B <.t'IN 
in divspk-vn; tihn-di-pv.Midoin and 
^nd^•pv•luK•l1l ii>rms. 

] luummol 199B ([n pK*s^), 

3 I . Siiimaimira M, OhR.-ki T, Lamiots ?, 

Garcia AM, MacDmuUI MK. Thyiiuis- 
indi'iM'tidrnt ^viR-raiion ni' NK i • T ^vIK in 
viiro from (via! livi-r pri-mriors. 
J Imnumol I 997; 1 58:3682-3689. 



32. VVitliam> m. BaHn-r BH. Mawll RA, Alkii H. 
Rt>K- .)f p2 iiiiLT<>j,;lobiilin lit ilu' intran-Uular 
traiup<iri >in<l surtdt*- ivvpri'ssioii ot iniii iiu' 
class I liistoLfiiiipatibiiiiy mnkvuk-v 
J iminunol I 9H9; 142;279(, 1806. 

3 3. Aitaya M. al. Ham- 2 Lorr^us ilu' Uas^ I 
aiiijj;t'ii-pr<Ki's>iiij; dcti'a in RMA S (.I'IK. 
NaiiiR' H92:355:(>47'6S(). 

34 Van Kacr I . AsIiUhi-Rk kardl P(;, Pk^i j^li HI . 
ToiR'jiaua S. TAP! rmuatn iiiiiv art- dcfkii-tii 
in ami),;*.'!! pri-st-niaiinn, siirlau- lias^ I 
inokniilrs. andCD4 8' T*.i.'lls, 
(VII [992;7i:lZnS-l2l4. 

35. Tciu'li M, ft al. Nondj'-siial iH'iiavior ol tlR- 
moils*.' (*DI niiik'Ciik', 

J Immunol 1 997;1S8;2143- 2 149. 

36. Brmkii'\vii./. RR. Bt-iinink JR. Yrudrll JW; 
Hfiuk'taf A. JAP indi'|X'ndrnt. 

jil iniiTo^lnhuliii dt |wti(li'ni siirfacr 
vsprission of t'lintiional mou.sf CD 1,1 
J li\p .Med |99S;162: 19 1 J- 1919. 

37. .Sydora BC. Bmssaj I . Ha^i-idiaii^li A. 
Kroiu'iiIxT^ M, Clii romrf H. 
TAP-indi-pfiidi-ni sek-Ltion ofCOH' inu'siiiial 
inirat'pidR'lial lyinph(Hyu-s, 

J Immi I I 996:1 56:4109-42 16. 

38. Bi\ iM. Ccjk's M, Raiik-i D, Pitsiiivi'sfK-uioii of 
V|i8- CD4 8 [hymotyR's by i las>- I iiink>». iik-s 
I'Spri'Sst'd liy ih'matopi>ii'ti<. tdb. 

) !-:\p M.'d |9y3;l 78:91) 1-908. 

V>. Bi-mk'lat A, Kitk-n N. I.iumati DR. 

Sclnvari/. RH. A .siibst-i of ('1.14 * ihynicnyu-s 
vt'lfLird by MHC ^lai^s 1 niuk'ciitrs, 
SiinRV I994;263; I 774-1778, 

4t). OhU'ki T. .MaiDonald HR. Major 

liisuiiom|iaiibility (.onipii-.\ dass i rilan-d 
Miok-riili's t onirol tlic di-i, t'k ipint'iit of 
CD4-8 an<i CD4 8 Mibsris oi iiatiiraUilkT 
1.1 ■ T n-ll rcn-pior irlls in thf liver ot' 

inin-. 

1 i;\p Mid 19v)4:l80:(>99 -704, 

41. Coks MC. Raitk'l DH. Class 1 depejidenn- of 
tlR- devi'iopninii <>fCD4' CD8 NKl.l' 
iliymiKjU's. 

) Hxp Med i994;180:39S -399, 

42, MendiraiiJ SK. .Martin W|> Hoii^ S. 
BoesteaiRi A. )oyie S. Van Kaer 1,. CDId! 
niiiiaiit mite are deiieieiii in n,nnr.d T tells 
iliai promptly )irodiKe 11.-4. 

immtmii) !997;6.4('i9 +77. 

43. Smiley ST Kaplan Mil. Cru.sby MJ. 
linmnnojjlnbiilin (•, prod ir\ ion in iheabseiRe 
nl hilerk'nkin 4 seerelin)^ CD I depemk iu 
eeils. 

SeiviKV !99 7-.27S:9 7 7-9 79. 

44, Cben YH. Cbiii NM, M>indal M. Wanj^ N. 
Wany; CR. Inipiaired KKl ■ T eell deveiopmi-iU 
and early Ii.-4 prodiRiion in CHI deiiiient 
mite. 

In\numiiy 1 99 7:6:4^9-467, 



148 



Immunologifot Re\i(\vs 16J/ 1 998 



27049301 — 

Bfossay et al ■ Aniigen-presentiri^? ftjictior of rr-ojse CD1 



IS. BiiitT A, ei jl. Aiulysisof ilie rcquirenu'm for 
P2-iiuLrog!()biilin for eyprcssioii iiid 
formation ufliun-ian CDl aiiiigi-iis. 
Eur J IniiimiK.l I997;27: I 366-1 J7i. 

46, SiigiU M. PofLcllt SA, BroiUKT MB. Assembly 
and retention of CDl b liuavy chains lit the 
endopla%niiL retkulimi. 

I Immunol 1997,1 59 23 58-236S. 

47. Balk SR ct al, |31-inUroglohulin-iudependeni 
MHC class lb molecule expressed by Inuuaii 
intestinal epitheluim. 

ScifiiCL- 1994;26S:2S9-lb2. 
+8. Cardi-ll S, Tanj^ri S, Chan S. Kronenbcrg M, 

Beiidisi C. Maihis D, CDl -restritttd CD4' 

T cellb in major histocompaiibilily complex 

class n-defitieiit mice. 

J Exp Med 1995;182:993-I00+. 
4;>. Chen H. Hviang H. Paul WE. KKl.T CD4- 

T cells lose NKi.l expression upon in viiro 

aciivatiou. 

J Immunol 1997; I 58: S 1 1 Z-S I I 9. 
,S0. lAixu O. Bendelac A. An invariant T cell 

receptor ii chain is used by a tiiiiqiie subset of 

major hisioconipatibihiy complex 

class I-spccific CD4- and CD4 8 T cells in 

mice and humans. 

]H\pMed 1994;180:1097-1106. 
SI. Dc la Salic- HD, ei al. Homozygous human TAP 

peptide transi-Mirier mutation in HLA class I 

deficiency. 

Science 1994;Z65; 137-2 39. 
S 2. Hanau D, et al. CD I expressioji is not afTecied 
by human peptide transporter deficiency 
Hum Immunol 1994:41:61-68, 

53. Sugita M, et al. Cytoplasmic tail-dependent 
li>cahzation of CD lb antigen-presenting 
molecules (o MIICs. 

Science (996;I7J:349-jS2. 

54. Prig*)zy T!. el al. The niannose receptor 
delivers lipoglycan antigens to cndt)somcs for 
presematicui to T cells by CD lb niottfcvilcs 
Immunity 1997;6:187-197. 

S 5. Brossay L. Tangri S. Bi.\ M. Cardell S. 
Locksley R, Kronenberg M Mouse CDl 
autoreactive T cells have diverse patterns of 
reactivity to CD I ' targets. 
I Immunol J 998 (In prtss). 

56. Aniigorena S. WchstcT P. Drake J, Ncvvconibl. 
Cresswi'Il P. Meilmin I. Invariant chain 
cleavage and peptide loading in major 
histoconipaiibility complex class il vesicles. 

] Exp Med 199S;181:I729-1741. 

57. Pierre R et al. HU-DM is localized to 
toiiveiitional and uncoineiitional MHC 
class It-coniaining endcxy tic compartments, 
liimiunity 1996:4:229-239. 

58. U-touriieur F. filausiier RD. A novel di-Ieiicine 
motif and a lyrosine- based mtntf 
independently mediate lysosomal largeiLng 
and endocyiosis of CD3 chains. 

Cell 1992:69:1 143-1 1S7. 



S9. Marks MS. Roche PA. van Doiiselaar E. 

Woodruff L. Peters PJ. Bonifacino ]S. A 

lysosomal largeling signal in the cytoplasmic 

chain of the p chain directs HL'\-DM to the 

MHC class II compartments. 

j Cell Biol 1995:1 31:3Sl-369, 
faO. Shafer W, ei al. Two independent targeting 

signals in the cytoplasmic domain determine 

tmns-Golgi network localization and 

endosotiial trafTicking of the proprotein 

convertase furin. 

EMBO J 1995;14:2424-2435. 
6 1 . Kaistio T, Schwenk F, Rajewsky K. The role of 
heavy chain membrane expression and 

cytoplasmic tail m IgGl responses. 

Science 1997;276:4I 2-H4. 
6 2 Weiser P. Muller R. Braun U. Reth M. 

Endosomal targeting by the cytoplasmic tail 

of membrane iniiiiunoglobulin. 

Science 1997:276:407-f09. 
6 3. Zliang Y. Allison ]R Interaction of CTL^-4 

with AP50, a clathrin -coated pit adaptor 

protein. 

Proc Natl Acad Sci USA 1 99 7 ; 94 : 9 2 7 3-9 2 7 8 . 
63a. Zang Z. Castano AR. Segelke BW. Stnra EA, 
Peterson PA. Wilson lA. Crystal siruciure of 
mt)usc CD! : an MHC-like fold with a large 
hydrophobic binding groove. 
Science 1 997; 277:3 39-34 5. 

64. Bendelac A. Positive seleciitm of mouse NK I ' 
T cells by CD 1 -expressing cortical 
thynnK-yces. 

J Exp Med 199S;182:109 1-2096. 

65. Bendelac A. laniz O, Quimhy ME, 
Yesvdell ]W. Bcniiink JR. Brulkiewicz RR. CD I 
recognitiou hy mouse NKl * T lymphocytes. 
Science 1995:268:863-865. 

66. Chen H. Paul WE. Cultured MK I . I * CD4- 
T cells produce large amouius of IL-4 and 
IFN-gamnia upon activation hy anti.CD3 or 
CDl. 

] Immunol 1997;159:2240-2249. 
6 7. Makino Y. Kanno R. Ito T, Higashino K. 
Taniguchi M. Prcdoininani expression of 
iji variant Va 1 4' TCR ri chain in NKl . l" 
T cell populations. 
Ini [nmuuKjI 1 995;7: 1 1 S7-1 I 61. 

68. Deilabona R Padovan E, Casorati G. 
Brtxrkiiaus M, Lanzavecchia A. An invariant 
Va 24-] aQ/V|3 1 I T cell receptor is expressed 
in all individuals hy clonally expanded 
CD4 8 T cells. 

JE.\pMed )994;180:l 171-1176. 

69. Porcelli S. Yockey CE, Brenner MB. Balk SR 
Analysis of T cell antigen receptor (TCR) 
expression by liuman peripheral blood 
CD4 8 a/p T cells demonstrates preferential 
use ofseverai vp genes and an invariant TCR 
a ciialn. 

] Exp Med 1993;178;1-16. 

70. Exley M, Garcia J. Balk SP. Porcelli S. 
Requirements for CD Id recognition by 
human invariajit Va24* CD4 CDS T cells. 
J Exp Med 1997:186:109-120. 



7 1 . Burdin N, eial. Selective ability of mouse CDl 
to present glycolipids: a-galaciosylctraniidL- 
specifically stnmilates V« 14' fvK T 
lymphocytes. 

J Immunol {in press). 

72. Ernst WA. et al. Molecular inieraition of 
CDl b with lipoglycan antigens. 
Immunity 1998 (In press). 

7 3. Yoihimoto T, Bendelac Watson C. Hu-Li |, 
Paul WE. Role of NK 1 . 1 * T cells in a TH2 
response and in inmiunogiohulm E 
production, 

Science 1995:270:1845-1847, 
74. Yosliimoto T. Bendelac A. Hu-Li ]. Paul WE. 

Defective IgE pr(xiuction by SjL mice ts linked 

to the absence of CD4-. NK 1 I • T celL that 

promptly produce interleukin 4. 

Proc Natl .Acad Sci USA I99S;92: 

1 1931-1 1934. 
7 5. Bendelac A, Hunziker RD, LaiU/ O Increased 

imerleukin 4 and imninnogli kbulin E 

prtiduciion in transgetnc mice ovcrespressing 

NK I T cclh. 

J Exp Med 1996:184:1285-1 293. 

76. Von Der Wt-id T, Beeho AM, Ruopenian DC. 
Coffman RL, Early pr<Miucti(Hi of IL-4 and 
induction of Th2 responses in the lymph 
node originate from an MHC 

class 1-independem CD4- \'K 1 . 1 -T cell 
population. 

) Imnumot 1996:157:4421-4427. 

77. Brown DR, et al. 112-microglobulin- 
dependent NK 1 . 1 • T cells are not esst-niial for 
T helper cell 2 imnninc responses. 

J Exp Med 1996:184:1295-1304 

78. Zhang Y. Rogers KH, David BL p2- 
microglobulin-dependent T cells arc- 
dispensable for allergen-induced T helper 2 
responses. 

I Exp Med 1996:184:1 507-1 5 1 2. 

79. Arase H, Arase N. Ogasawara K, Good R.\. 
OnoeK. An NK 1 , 1 ■CD4-CD8 single- positive 
thymocyte siihpoptilatioii that expresses a 
highly skewed T cell antigen recepior laniily. 
Proc- Natl .Acad Sci USA 1992;89:6506-6 510. 

80. Hayakawa K. Lin BT. Hardy RR. Murine 
thymic CD4- T cell subsets: a subset (ThyO) 
that secretes diverse cytokines and 
overexpresscs the Vp8 T tell receptor gene 
family 

j Exp Med 1992:176:269-274. 

81. Arase H. Arase N. Saito T. Interferon gamma 
production by natural killer (NK) cells and 
NK 1 . 1 ' T cells upon XKR-P I cross -linkuig. 

J Exp Med 1996:183:2391-2396 

82. Sumida T. et al. Selective reduction of T cells 
bearing invariant Vn(24fr(Q antigen receptor 
in patients with systemic sclerosis. 

J Exp Med 1995:182:1 163-1 168. 



Immunologicoi Rcvims 163/1998 



149 



Broiia/el ;ii ■ ,^nl)gen-Dresent.ing funcuor. of mouse CD1 



8i, Kdkanniri E, Kulxna H, Siio M. Sugie T. 
Yt5>hi(ld O. Miiiaii* N, Imulvemcm of NKl * 
CD+ CDS apT culls and endogenous 11-4 in 
n()ii-MHC res(rit;tcd rcicaioii of I'liibryoiia] 
carcinoma in jjfiK-tically rcsisunt mite. 
] Immvinol 1997:1 5Bi^i38-S3+8. 

84, Gninbf n JM, Herhulin A, TitiLTL'df-Bohin E. 
Dy M, Cariiaud C, Bach JF. Early qiuiuitaiivf 
and functional deficiency of NK 1 -like 
iliyniocytes in the NOD nicjuse. 

Eur I Immunol 1996:16:2989-2998. 

85. Gombcrt J.M. et al. IL-7 reverses NKI * T ctll- 
defcctivc IL-4 production iJi the iion obcso 
diabetic: mouse. 

Iin Immum)! 1 996;8: 1 7S ! -1 7 S8, 

86. TdiTiada K. el al ItiiiiiunosupprcssivL' activity 
of cloned natural killer (NK 1 . 1 ' ) T ceils 
established fVt)ni murine tuninr-infiitrating 
iyniphotyies. 

] Immunnl 1997:158:4846-^8 54. 

87, Cui ). et al. Requirement for Vul 4 NKT cells 
in IL- 1 2-mt;diated rcjecuon of tumors. 
Science 1 9 9 7 ; 1 7 8 : 1 1 J- 1 6 1 b . 



88. Wilson SB, ct al. Extreme Tii 1 bias ot 
iiuariaiit Voi4JaQT cells in type I diabetes, 
Nature 1998;391:177-181. 

89. Auzai R, et al, liuerleiikin- 1 2 iiiHnces 
cytotoxic NKl ' a[i T cells in the lungs tif 
euihyniic and atbyniic niiee. 
Immunology 1996;88:8 2-89. 

90. Takeda K. el al. Liver Nk' t . I ' CD4 * rtp T tells 
activated by 11,- 1 2 as a major effector in 
iniiibition of experimental tumor nietdsiasis. 
i Immunol 1996:156:3366-3373. 

9 1 . Hasbiinoio W. et al. Cyioio.vic NK) . ! Ag* «Ii 
T cells with intermediate TCR induced in tiie 
liver of mice by IL- 1 2. 

J Immunol l995;154:4333'-4340. 

92. Kawamura T, et al. Critical Role ofNKP 

T cells in IL- J 2- induced immune rcsjumses in 
vivio. 

J Immunol 1998;160:16-19. 

93. Gong J, el al. Isolation tjf mycobacterium- 
reaeiive CD! -restricted T tells fr<im patients 
Willi human in\inuiiodelicieucy virus 
iniectitMi. 

) Clin invest !998;1 01:383-389. 



44. Beeknun EM. et ai, CDIc restricts responses 
tjf niycobaneria-specific T eells. Evidence for 
antigen preseniaiion by a secopid meinher <tf 
the human CD I family, 
J lmmun<il 1996;lS7:279i-2803. 

95. Stenger S, el al, Differemial etVecls ofeyiolytie 
T cell stibscis on intracelUibf inteclion. 
Science 1 997;276: 1 684-1 687, 

96. Davodeau K ct al. Close phenoiypic and 
functional similarities between luiman and 
murine «/p T cells expressing invariant TCR 
(j(-chairis. 

J Immunol i 997; I 58; S603-5fa I \. 

97. Steiiiman RM, Pack M, liuba K. Dendritic 
cells ill the T-cell areas of lymplioid organs. 
Immunol Rev 1997;] 56: 25-37. 

98. Lee L, McHugh L Rihaitd(» RX, K(j;iIo\vski S. 
Marguiies DH. Mage MG. Fiinciionat cell 
surface e.^pression by a recoinbinani single- 
chain class I major histocomj:)atibility 
cdiiiplcx molecule with a cis-active 

P 2 - m icrog lo hulin dontai n , 

F.vir ] Immunol 1994;14: 163 3-2639. 



150 



ImiDunologicol Roinvs i 63/ J 998 



